studies advocate limited prescribing in order to prevent adverse reactions and extensive costs. 5, 8 Once the physician has decided to prescribe, he has to decide what to prescribe. Pharmacotherapeutical guidelines, called formularies, have been developed to facilitate effective, efficient and cost-conscious prescribing.
Monitoring adherence to such guidelines may be a reasonable way of assessing prescribing practices. However, guidelines may vary greatly between regions. When six primary care guidelines were compared in The Netherlands, the number of advised drugs for one specified indication ranged from five to 12, and consensus about one drug varied from 35 to 100% depending on the diagnosis. 9 This lack of consensus is confusing for GPs.
In addition, there is no general consensus about the aims of formularies, and it is often unclear to the physician which formulary applies to a specific case. Grant stated that 90% of the problems for which patients contact their GP should be mentioned in the formulary, and the GPs should adhere to the guidelines in 90% of the cases. 10 Barber advocated the setting of standards, so that at least 80% of the prescribed medicines would meet the protocol. 5 Bergman et al. advised that drugs accounting for 90% of drug use (DU90%) should serve as an indicator for the quality of drug prescribing. 11 To assess the possibilities for improvement among the GPs participating in our department's regional registration network, we initiated a study to address the following question: how strictly are the GPs adhering to the guidelines of their regional formulary, and which indications and drugs from the formulary were used by the GPs?
Methods
The data concerning the indication-related medication were collected by the 17 GPs participating in the Morbidity and Medication Registration Network of the Department of General Practice at Groningen University (RNG), in The Netherlands. 12, 13 This registration network was established in 1989 for the collection of reliable data for research and education, and for the development of policies for care provided by GPs.
The GPs were recruited from among active GPs involved in teaching and research. These GPs are a selected group, which meets regularly about once in every 3 months to discuss registration issues. All GPs use the same computerized health information system (HIS). HIS fulfils the criteria set by the Dutch College of General Practitioners and is commercially available. Until now, it did not contain an electronic formulary. Two adaptations were made for the RNG to make it possible for diagnoses to be recorded in an episode-linked manner, and to ensure that prescriptions could only be printed if an International Classification of Primary Care (ICPC)-coded indication was filled in.
Of the 7000 GPs in The Netherlands, Ͼ90% own a computer, 88% have a HIS, and 80% use the medical module for the daily recording of referrals and prescriptions. 14 The HIS used by the network GPs is actually used by ~20% of the GPs in The Netherlands.
During all face to face encounters, the diagnosis, referrals and prescribed medications were systematically registered and electronically recorded. All prescriptions written out after telephone contact with the practice assistant were also electronically registered. Using these methods, a large database of indicationrelated prescriptions has been developed.
A total of 1000 consecutive prescriptions from each of the 17 participating GPs were analysed. These 17 000 prescriptions were a mix of new and repeat prescriptions. We chose the last 1000 consecutive prescriptions given before December 15th 1997, in order to avoid the period around Christmas, as precription behaviour is often influenced by holidays and locum situations. Health problems were registered using the ICPC. 15 The prescribed medications were coded according to the Anatomical Therapeutical Classification (ATC). 16 
Regional formulary
Groningen's regional formulary first appeared in 1991, through the consensus of three GPs, two specialists and seven pharmacists. While this group stated that they based their decisions on evidence from publications, they gave no references in the formulary. The third edition of the Groningen Formulary (GFIII), published in 1995, was used in this study. 17 It contained 186 health conditions and 251 medications. No GP participating in the registration network took part in the development of the regional formulary.
The formulary is distributed free of charge to all GPs in the region by the Sick Fund, and is used in the medical training of students and vocational training of GPs.
Analysis
For each prescription, we checked if the prescribed drug matched the advice in the GFIII. If the prescribed drug was advised in the formulary, we considered it to be global adherence (the prescription of a drug mentioned in the GFIII). If the indication was mentioned in the formulary, and the prescribed drug was advised for that indication in the formulary, it was considered to be specific adherence (the prescription of a drug advised for the indication from the formulary). By calculating confidence intervals, real differences were assessed.
Finding unsuitable prescriptions for specific health problems was considered a 'mismatch': a measure to assess the reliability of the registering system.
To assess the extent to which the formulary covered the GPs' prescriptions, both the medications and the health problems registered by the GPs, but not mentioned in GFIII, were analysed.
Results
There were 17 GPs participating in the network: 14 from three group practices and three from solo practices belonging to one locum group. All practices were located in towns of two northern provinces of The Netherlands. Among the 14 GPs from the group practices, there were eight women (two full-time) and six men (three full-time). The three solo GPs were all men and all practised full time. In one of the group practices, the GPs were salaried; the others worked on a fee for service basis.
A total of 148 628 prescriptions for 30 109 patients were registered in the RNG in 1997. Of these prescriptions, 68 026 were prescribed by the 17 participating GPs, 4261 prescriptions by other doctors (trainees or locums) and 76 341 prescriptions by practice assistants.
The 17 000 prescriptions chosen for analysis formed 25% of all prescriptions written by the GPs in 1 year. Those were written out for 7189 patients of whom 63.4% were women; the mean age for all patients was 43.6 years (SD 22.4); 66.6% were insured by government health programmes.
The mismatch, i.e. unsuitable prescription behaviour, e.g. eyedrops for arrythmia, or vaginal miconazole for anxiousness, was Ͻ1% for all 17 000 prescriptions, and was due primarily to clerical inaccuracy.
Since the system required a diagnostic code before the prescription could be printed, the indications for only 24 prescriptions (0.14%) were missing. These were repeat prescriptions, which were initiated before the adaptation of the electronic system was realized.
The distribution of the 17 000 prescriptions over the different ICPC chapters is shown in Table 1 with the global and specific adherence per chapter. Five ICPC chapters contained 64% of all prescriptions, for respiratory, skin, cardiovascular, musculoskeletal and psychological disorders, respectively. Over the different chapters, global adherence ranged from 67 to 95% and specific adherence ranged from 32 to 90% per chapter. The global adherence correlated 0.36 (P = 0.17) with the number of drugs per ICPC chapter.
The lowest global and specific adherence concerned the chapters hearing (H), psychological (P) and male genital (Y) problems. In chapter H, 41% of the indications concerned otitis media. Although the guidelines advised prescribing antibiotics only for children younger than 2 years old, the GPs prescribed antibiotics in 57% of cases of otitis media for all patients. Low global adherence in chapter P is due to several factors which include the time which has passed since the guidelines were published, the heterogeneity of chapter P and the lack of symptom diagnoses. The guidelines on depression contained mainly old tricyclic antidepressants, whereas, in 57% of the cases, GPs tend to prescribe modern antidepressants. This is illustrated in Table 2 , where the variation in adherence for the 13 most frequent indications is shown. Here, adherence to the guidelines is one of the lowest for the diagnosis of depression. The explanation for low adherence in chapter Y is not clear. This may be due to the low number of prescriptions in the chapter. The highest global and specific adherence was seen in the chapter on family planning (W). Though specific adherence was low for the chapter on respiratory diseases (chapter R), the nonetheless high global adherence may be explained by the relatively high number of respiratory drugs (n = 33) mentioned in the formulary. For infectious diseases, such as bronchitis, and symptoms such as cough, antibiotics were prescibed relatively often, contrary to the advice in the formulary. In chapter T, which has as its main topic diabetes mellitus, the specific adherence was very high, due to the limited number of antidiabetic drugs.
Adherence
Among the 17 GPs, the number of different drugs prescribed varied between 167 and 219 per 1000 prescriptions. The global adherence varied from 76 to 89% among the GPs (Table 3 or Fig. 1 ). The only significant difference among the GPs was that one GP from group practice 2 differed from the six GPs with the highest global adherence.
The specific adherence varied from 55 to 71% (Table  3 or Fig. 2 ). The differences were as follows: six GPs showed fewer adherences than the two GPs with the highest adherence; only one GP differed from the Adherence to the guidelines of a regional formulary 257 majority. All of the five GPs from group practice 1 showed high specific adherence. There was no clear correlation between global and specific adherence. The GP with the lowest specific adherence showed high global adherence, and two partners in a 'one man' practice within group practice 3 showed the same adherence pattern (Table 3) .
Coverage of the formulary
From the 17 000 prescriptions, 11 457 prescriptions (67%) concerned indications mentioned in the GFIII. The remaining indications (n = 5543) were not mentioned in the GFIII. Prescriptions for indications that were not mentioned in the GFIII contained 4353 (78.5%) drugs advised in the formulary. For the 17 000 prescriptions written, 549 different medicaments were prescribed. From the 251 medications mentioned in the GFIII, only 15 (6%) were not prescribed. The frequently prescribed drugs were usually advised in the formulary, while the less frequently prescribed drugs were not mentioned in the formulary. On the one hand, among the 45 drugs prescribed in at least 0.5% of the 17 000 prescriptions, totalling 57% of all prescriptions, only one drug (paroxetine) was not mentioned in the formulary. On the other hand, among the 207 drugs prescribed only once, twice or three times, 170 drugs were not mentioned in the formulary.
Discussion
These findings are an example of what level of adherence is obtainable. It probably represents best practice; however, there may even be room for improvement when explicit attention is paid to prescribing according to the formulary guidelines, and if the collective data are used by individual GPs to gauge their prescription behaviour. 18 There is a large range in adherences for different diagnoses and among different GPs.
The adherences to the regional formulary approached the standard set by Barber, although 80% global and specific adherence was not reached by all the GPs studied. 5 Another study involving 63 GPs in The Netherlands found that global adherence had a mean of 69% (range 56-88) and specific adherence a mean of 41% (range 20-60), compared with 85% for global and 63% for specific adherence in our study. 19 The GPs in our study were neither representative, nor were they chosen at random. These GPs chose to participate in the Department's Regional Morbidity and Medication Network and were recruited among the most active GPs. Participating in the RNG did not limit the choice of medications available to the GPs. They were free to choose whatever drug they felt their patient required.
Although the GPs were a selected group, the patient population was comparable in age, sex and insurance status with patients from the same region, with the exception of a 0.3 higher percentage of women. There was also a lower percentage of the age group of 0-19 years and of the age group Ͻ65 years (1.7 and 0.3%, respectively) in the network than found generally in the region. 12 The department staff organized regular meetings with network GPs concerning registration issues and feedback on their behaviour in practice. There were no set sessions dedicated to the regional formulary, nor were GPs encouraged to prescribe specifically according to the guidelines. Until now, no electronic formulary or prescription system has been implemented for GPs in The Netherlands.
The formulary covered approximately two-thirds of the indications registered by GPs, and did not contain many unnecessary medicines (6%). Interestingly, onethird of the registered indications were not listed in the formulary, although drugs mentioned in the formulary were prescribed for the majority of these indications. This is understandable since the same painkiller may be prescribed for low back pain, which is a formulary indication, and for shoulder pain, which is not mentioned in the formulary.
Undoubtedly, the coverage could increase if more prescriptions were analysed, but the emerging picture would not change fundamentally. Although the GFIII did not cover the morbidity completely in its present form, it is certainly a reasonable standard. However, there is room for improvement in the formulary. It should be based on the incidences and prevalences of health problems in general practice, and the evidence on which the formulary is based should be referred to and accounted for in the formulary.
If the guidelines of the formulary are developed according to set criteria, Barber's ideal of 80% could be obtained. About 80% of health problems encountered in general practice would be contained in the formulary, and at least 80% of prescribing practices would meet the formulary specifications. Grol et al. found that guideline recommendations were followed in an average of 61% of cases. 20 The Barber rule of 80% seems more realistic than the 90% rule of Grant, or the DU90% of Bergman. In the near future, an electronic formulary will be implemented in the GPs' health information system in The Netherlands, which holds much promise, and should allow the 80% rule to be attained. In further studies, patient preferences should also be taken into account
